Searching PAJ 



PATENT ABSTRACTS OF JAPAN 



1/2 ^— v 



(1 1 publication number : 1 1 -0921 49 

(43)Date of publication of application : 06.04.1999 



(51)Int.CL 




C01G 53/00 
H01M 4/02 
H01M 4/58 
H01M 10/40 




(21 Application number : 


10-171998 


(71)Applicant 


: FMC CORP 


(22)Date of filing : 


15.05.1998 


(72)Inventor : 


YUAN GAO 








MARIINA YAKOBUREBUA 



(30)Priority 

Priority number : 97 46570 Priority date : 15.05.1997 Priority country : US 

97 46571 15.05.1997 

97 954372 20.10.1997 US 



US 



(54) INTERLAMINAR COMPOUND AND ITS PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain an interlaminar compd. excellent in heat stability and 
cycle resistance by forming a multiple oxide contg. Li, Ni, Co, Ti and/or Zr and one or more 
selected from among Mg, Ca, Sr and Ba. 

SOLUTION: The interlaminar compd. is represented by the formula LiNil -xCoyMaM'b02 (where 
M is Ti and/or Zr, M 1 is one or more selected from among Mg, Ca, Sr and Ba, x=y+a+b, 0<x<0.5, 
0<y<0.5, 0<a<0.15 and 0<b<0.15) and has a hexagonal laminar structure. The compd. is obtd. as 
follows; source compds. in the form of oxides, carbonates, nitrates, etc., are mixed so as to 
attain a prescribed molar ratio of Li:Ni:Co:M:M\ the mixture is fired at 500-600° C for 4-24 hr 
and at 700-900° C for 4-24 hr in an atmosphere of a gaseous mixture under >20 kPa partial 
pressure of oxygen and the fired mixture is cooled to 500° C at <5° C/min rate and then 
allowed to cool. 
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(57) [«M] 

^LiNii-x Coy Ma M'b O2 * 

'trrzmmit&ydX'fo*)^ muti, zr, fcs^fs^ 

g> Ca, Sr. Ba. £><5 V Mi ~ tl h (Df&.&'&ii'ltfr 
bteZmfrhMffin, x = y + a + b-e*>D, xfiOi 
9*#<#J0. 5£JlTtfcD, ylSO X "9*#<#)0. 
5OTT^»), att0£9*:#<^0. 1 5£JLTT-fc 
9 x bfSO J: ifto. l 5JWTT-fc*JIHHfr& 
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[»*3S1 ] ijjf i~i-T,C oy MTjM ^702 £ 

*i-*JlP^b^«&T*fc!>'* MliTi, Zr\ fcS^lid 

Ca. Sr. Ba N £>S V C ft b afe^^frg:** *> ft 
««^e>aitftt, x = y + a + bX 6 *>!K x tt 0 «fc g * 
#<j»0.^5HTT-k^ yttO i^t^o". 5^ 

1 fcIE*©JBRMfc£*b. 

tf*#« 3 ] m " #m g x-tb s r. t &wm k 1"6 a* 

[fS^^SS] ALiNii-i Coy Ma M ' b O2 * 
^Ti-SJiPWk'&ifeSrf^Ki-S^feT-fcoT. 

y^£A N -^/k m x ^tfM' 

miit i , Zr, *>sv^^ir:ne><o»^t> J fr^e>/J:s 

P^ilim. M'UMg, Ca. Sr. Ba, *>5V> 

i- ^^sfftwa^y-^ib^ia^LT, 5*x i n 

ii- x Coy M a M'b O2 (;^T'x = y + a + bT* 
*>!K xteO<J;9:*£<#)0. 5J£*TX2btK yteOJ; 
9*#<#J0. 5J£JTFX-&t), ateO J;9;*:#<#J0. 
lSUtmt), bteO Jz9;*:£<&j0. l 5HT"e* 

^a^$:KSico#STT-5 0 ox:— 100 oX:<d?3<d 

mkT%mm<k&vo(Dftsitx& 0 
[»#J5 9 j ifcjtisis, a-&** 5 0 0 e 0 0 
"C^BB^iaa-ejUiau. &ic7oot-9oowfl^ 

X&/&-T 5 £ ^ # S r <t £ £ 1" 6 B** 8 

I 0 ] ±KJtoftx«j6s, a*** 5 o or- 
6 0 ox,(Dffi<nmj£T\ m4&fffl~~%\2 4mffl<ommi& 
l n &i:7 0 0*0—9 0 ortopfloias-e. m^m— 

m 2 4 KHHO|lllKAt« r£a*e>ftS^£ ttitts 

I I ] ±Ejfeaxa*s. * 1 
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frbt£Z>^k%w&k'tz>n**£%~~i o<D^-m^\z 

[0 0 0 1] 

[0002] 

<bftX#fc 0 y f>)AtM(/!J f ^A^^yfto, 

ro4»ftO«Jftfc*5^Tf4. y^ASfefcitfy 
A>f ^-v«?&«:ig^JtcSa«u-Cx — /M^/SSft 

" 36, Lf^ot, *ft*ft^«»ftia*«-**U"Cfc 

[0003] cft£x% yf?Mty-ftt»My 
- mm^&m-tzMchMtiWMftn. l i c o 

O2 . L i N i O2 x RXfL i Mnz O4 T*fcofc 0 L 

d>u*3&s?>, r^bto^ y- KWPUiy ^^a^^->- 

N i O2 S:t/L i C o O2 %&.m-t-Z>Wtete%\L&<D— O 
50 fi, !) f 2 7 5mA • h r / 

HR. «»*L i N i O2 Xt/L i C o O 
2 (C^j-LXI^ 140-1 50mA - hr/g U^M^ffi 
-r-5Ct^X#^l/\ L i N i O2 Rt/L i C o O2 W 

Si:, y ^!>AS*tc^?/>5r/wteSVMi=»^<^ h^^tb 

tx rttb^«*isfo^>f tiv^wzo* y 

^l^fi^-To Lfc^ot, UXfi, LiNiO 

X*tti/a3E«S:BSBUX^So 
[0004] LiCoOz L i N i O2 y ^ ^ A 

*5NC, L i N i O2 I1L i C o O2 i «9 t>fi»T?AaKc 

^I^LX 3EtSo*»4*»X*)^Ni02 
ft-C. (O2 ) Srttautt^ejgfRW^s^SriB 
50 CtC^^fc^o CltbH, Dahnib. Solid State Ionic 
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3 

$, Vol.69. 265 (1994)T#fg-e#5 0 Sot, Httfc 
*»4LiNiOa * rtTJEO y ^ £ ^-»c«»ffl 

L i C0O2 &tKL i N i O2 JrttAfrtk L i Mn2 

*fi#*L iMn 2 04 ff-effi^t;:* 

L i M n 2 CU ^hfc^*ttfil\ ^ft 
&)\zn, LiMnz (^IMt|j:148mA-hr JO 

Tt'M 115—120 m A • hr/gJ:^^< ll# 
b*v£l\ g^tfl^L iMn02XtJ«iE-*»«>ffiA>*:^ 
t^/Hi2 Mn 2 04 fi % LiMnz O4 * fcf^uj: 

LiMn02 &tfLi2 Mnz 04 |£*frLT£**5H— 

[0005] cix^toy^^A^jRR^fel-te-^^ 

Xfcf. L i.N i-O.2 OK-^^ 

iNii-x*Cox O2 (O^x^l) It L iNi02 
i^Sf^i^gti, ^OLii^t5 4. 3VJ£*T 
OWaSfliLiCoOz X 9*#vMit^t>e>"f. 
C<7)iSftfiL iCoOz MLiNiO Z ^l^«tCiS 

[0006] — o^ft#se*i. 

5;i£"C:&>5, 0H*.tf. Ohzuku^l* (Journal of Elect 
rochetn. Soc. . Vol. 142, 4033 (1995)) s — yjr/i'WJ 
J\<D \ r —s<Zs b t ITA 1 3+ £r{j£ffii~<5 £: . LiN 
i0.75A 1 0.2504 ;6>£/&L. L i N i O2 (CtfcRL 

^■^^^/H^A«tttt*^-e*>So — Nakareb^ 
*g^rF^5, 5 9 5, 8 4 2-*§-Ulte, A\**<O\Xfr>0 

Davidsonfc^(0*S#mB5. 3 7 0, 9 4 9f(: 
Jltttf, LiMn02 \Z.?uJ±sijrls%mX-tZ>t. m 

[0 0 0 7] yf-^AAJWWbWw^— K-/OHS:K 
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»fc*»-t*tli*e>4^\ Mtff, Co 3 *, A1 3+ WG 
a 3 M*^Tf^£l^T-ffi£#oT^<5i6K Co 3 *liCo 

^ot, L i N i O2 CAlMGa^K-yt^i:, 

^jE»*ffi«lc#?£L*ftntf*e>ftV\ Rossent> (So 
lid State Ionics Vol . 57, 311 (1992)) l^itttf. Li 
N i Oz ^^MnSr*A-t*-5i:^^ L ^-voiB^5ffiiiS 

J; 5 L i N i O2 &t/L i C o O2 |* x 
Stt^fii/^cJol^ ^T^<OpJiS^afil 4 0-15 0 
mA • h r/gt^5, $61^ LiMnz 04 
^/UttdSJ:V^ft#-Cttl 15 — 12 0mA - hr/gt' 

[0 0 0 9] 

*iy^-^AA*»^fti:ji*5, *&w<Dmmit'&m*x 

******** 9^£*bfct><OT-;fe£ 0 
[0010] 

it^tfan. *tL i N i i-x C oy Ma M'b O2 X'fo 
V), ZZXM&T i , Zr, *>6V>Ji wtb^^ffi^t? 
*^e>*5«^5>atftU. M'liMg. Ca, Sr. B 

Z> 0 »*L<tt. Mli^*>. M" tt^n^^t*) 

x = y + a + bfi)D, xliO £9*$ < #3 0 . 5 £AT 
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(4) 

5 

X&>*)< yit.0 £ Qj^fZAfoX} . 5J£*TT-£>9. a HO 
J:9*#<ft6". 15KT"C*>D, b no <m 
0. 1 5£JlTt*5, #*L<I*. 0<x^0. 5, 

0 . 1 ^ y ^ 0 . 3. Q_< a g 0 I 5 . .0 < b ^ 0 . 

1 5 9, alilJl£bl:fl<, J:5»*U<ttafi 

[0011] £ 61-. #389! Kfl. ^LiNii-z Co 

y Ma M ' b O 2 OJl|BMb*««:fP»"t" tb 70 
£o ^SSWI-^fttfs Jli&^SfcL i N i 1-x Coy Ma 

M'b 02 <nffi&<n=eji'\kbteZ> X 51-. y^£^. - 

M'llMg, Ca, Sr. Ba, £>£tM±witb<7} 
Tx 5 0 Ot^: 1 0 0 Ot^fplOMgt'IfBl^^i 

[0 0 12] 

fl^g^te, ^ L i N i 1 -x Coy Ma M'b O2 T*£> 

9, ;:t-MiiTi, zr, fc5VM*C;ft,e><a*&^:b 

*^&ft5»^featftt, M'ttMg, Ca, Sr. B 

x = y + a + btfc^ xl*0J:i9*#<#j0. 5 J£*T 
*Cfc?K yttO £9*#<ift0. 5J£JLT.T*fe!9, a fi 0 
<#J0. l5OTt^9, bii0J:D*#<« 
0. 15&LTX-3bZ> 9 #*L<li x 0. l^y^O. 3 

T. a*#tt3»»-t"aj:5«w, Co, M. JfctfM'ttL 
i N i O2 lC*3lt^-y^/H^-ra K— h^Lt 
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[0013] ±i$0£ 9 MliT U Z r . fc-MMl 
g. Ca. Sr. Ba. *>£ IMI^ th h<OU^^t>^tt^ 

b Witts, #*u<^. mi^^>-. m' 

*/u¥-liTi<D3dm^<£t>t>S5<> *fcNi2fctfC 
003 df^J; 9 t>S5*^ (Yeh Atomic Data and Nu 
clear Data TablesVol . 32, 1-155 (1985)) <DX\ M= 
TiWM'=MgMt6^ LiNii-x Coy 
Tia Mgb O2 <f-CT i RtfMgteT i^MMg^ 
C0^^t5^#X.^ntV^5 a a = b <D^£\ = 5^/1/ 
Xtf=» KOBMbttffite 3 Ul^ r t I^OZCD 
X\ iSBWPMiL i + N i 3 + 1 -x C o 3 *y T i 4 *a Mg 

2+ a 02 tistfe-rar t&x%z> 0 Ti^su^Mg 2 ^ 

-2 a) <DL i U^9i5ri:^T-#f, ^ot, ifi 

ON i *+&TfC o 3+ ^ N i 4 + o*+\^mt£tlZ>t 
%mn±^K), ^(^HfcWliL i* x N i 4 + 

1-x Co 4 *y Tl 4 *a Mg 2 *a O2 T*^>^)o ^fd, w 0> 

ttmte^$L\c3zmL,tzttm\zjs^x^ l i n i o 2 

LiCoOz <t 9 t)MI:^tT^t^^)t#X.f)il 

ZtlZo LiNii-i Coy Tia Mgb O2 (C^ol/^ 
X. b < aXtbZb, -y^W^^^h^tt 
W;mte3£XTXhZ><DX\ b>at$)5:i:«L 
V\ <?if*e>. N i 2 M^y|j:y ^^^il(C#B]LT. 

oT, b : a^fcfctt, ff4L<tt«JlM/ (a + b) 

iC^ifei-^r ktf&ti Ll\ 0<a^0. 15, 0<b 
< 0. 15, a b (C^L< , ^O. b ^ a Xfo 

[0 0 14] **M<0»*Ll^jOBJB»^*5V^T, /IPpI 
i N i i-x Coy Tia Mgb O2 £^ 
L. ::t'x = y + a + b, 0 < x ^ 0. 5. 0. 1< 
y^0. 3. 0 < a ^ 0. 15. 0 < b ^ 0 . 15. X 
£>9. a blC*?UV\ ^JblC, »*L<fi, bf* 

a J: «9 t/hS < W7jk<Dfc&tolZ.n* L i N i 0. 7 

C00.1 Tio.i Mgo.i O2 , L i N io.75Coo.15 
Tio.05Mgo.05O2, RC^L i N io.7 Coo. 2 Ti 



50 




7 

h£r'£$&Wb'S4fe4>8 0 — 9 0mA -hr/gC 
it&LT. »3 5mA«.h r / g <D^F ^Jffi^SSr^-f, 70. 

v*a i) t^Byit*i, KSJEo&mbuoxfi 

[0 0 15] **W«wtt % Jil«Wb'&*a»&fcS!J 20 

^i>^*»Rt5y ^*AW^^«»«^jE«ai (#y- 

K) ftS#J<bLTIS, ^WoSHMb^* 

«i»»0«!|t Lttt, H , B (Tjfnv) , s 

M^fti^o Sfefc:. «jWb^ir/McW;WJWj6s$ 
0. ff*U<ttyf^tt, «^.tfL i PFe *:*tr. 
»b*-fe/utt, -fer^y-SIS, ^An-y- Rtf^y 

[0 0 16] S&fcl, SL i N ii-x Coy ¥0 

Ma M'b O2 OJiM^teSrf^ast^-^^rfei^-r 
6 0 *»Mi-J:tttf, lil^LiNii-x Coy Ma 

M^y-^t^ir-m^U^-r^o ZZXMteT i , 
*U M ' ftMg, C a % S r , B a N hZ>\,^ZZLtlb<D 

y (mm nM»*s*^iB^i>*>sds. a jo 
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fiKifett. »k», fcS^ttJMbfc-cfcsa*. 
SSBafb^t-TciS^^te* t Ac «b £ y-* 
{ b*4fc t- hti rf w -e t <t i \, A NHb-&«W7c at * su 
coy-^{b-&ft^^«js&sttewi:t3*>su, i^-y- 

^£^£>3 0 TiMgOa , &t5Nio.7 5 Ti 

-5c ^jd^t, y-^b-&«»i#*Li/^l«ff-e*>ixtf^d^ 
[0 0 1 7] fft Utt, JlPWb-&*ttH«KJc£:^J: 9- 

/K ^/^h, M N &U<M' ^b/i^y- 

4-r*<£><fc 5*»«*>S«£ Ltf^lU = = 

y-^b^**te^y-^^b*«i»«J-lB«L, ± 
m&\z£ox&t>z> Q 

[0018] ffKLfcfi^«tt, sjc5-r*£. y^^i. 
M{b^*<o*j«^^tt^Bna*»*«taRi-5. 

<tt, i8*«tt*4< i: t* 2-0 k P a OK^Efct 

ftl00kPat$)6o #31, ^ftillofc^^llt 
^•T^o fftKll fi^»tt**0x 500^:^:600 

^324^^ («x.tf, 1 om?$) «Ej*i-5o sc^^-c, a 

^»«:7 0 0ti 9 0 0Wflt\ ^HfftKttS 
8 0 0tt^4W^2 4^1 (Milfl 10ft 
BB) »*t5. 

[001 9].«:ic tj«Lfc»M-fb*4btt«HWLfc*ft 

t>m5 0 OrtC/^^^T-lt/m i n(7)jiSX*ftat 

^>o fti-. «iH<b^ttM*-ei«»a-rs 0 i 

Nii-x Coy Tia Mgb O2 £r^1-£_tyi<7)#£ L 

&o Yb^stttta^y^^A^y— ^{b^te. 
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Coy Tia Mgb Oz l-^o/cSS<7)^/^l-^5J: 

«±##*S£*L>5c:<ht>fc£ 0 tflxtf. TiMgOa & 
tfN io.?5T i 0. 25Oi'±rfiffc£tlX\<^Zit'&V0X*& *) , 

(liSSOttMU ^7 0 0ti:9 0 0W B l 
# £ L < tt8 0 0X:x8tJ&i-Z> o Z(DU&%)&&tmfrJ£ 
<H20kPa, L < r±#J 1 0 0 k P a CO 

#B«*-eiftf£-t-<5o Ji!2jfe&&^£#3: L< 

S^^^fpl^. m^(OD ^A<bN il-xCoy 
Tia Mgb <Otfc/^&3:L<tel : ll:ii£<, Jf^T-y 

£ feco^Ji <!: co^t-co* ftyogf^il^^g 

[0020] ±^£51^ mmm^xv^wnmrn 

Ni, Co, T i &t/Mg£cl;fre<0^£^^r3^ 

«*^n^l;:ttJS£f^< £<^L7Ufc^££/&-r 
V ^<?J±<ny-*{t^%okU&l,, ^LiNi 
i-x Coy Tia Mgb 02 ic^ofc^fgco^e/i-it^r# 
"r-S^^^Ji^coi: 9(-^-r^ 0 c\o£ ?frM5£co 

^l2&B£P«lO££/£-C% Ni, Co. Ti^Mg^- 
o Xft h ®m etl^ t> <DXtete V \ 




iMfl ^ 

L i N i o . 7 C o o. 2 T_i 0 . q>^M g 0 . 05)0 2 3# /c 
£u i^fiBatfjllCO L i OH, NiCK C03 04 N T 
i O2 . WMg (OH) 2 £rig^L, K^^ffi^l 0 
0kPal:£VN#l^^ 5 5 0t(7)lgt*10^Fpl 
*:(C8 0 0°C<Dm>&Xl O^J^cUfCo #£f)l;£5 0 0 

a-NaFe02 {CjgM LTCT^fs (£>£VM2^ffi#) 
20kPaB< <D&mftJ£<D&m^X^<D&&®Z8t 

j&l,xi>m-<n&-ft(Dttm>3ij$.vtz 0 




(6) WBB^Fl 1-92149 

10 

[0022] mmm 2 

TTj Kj:_LT_y g A AJK, t ULiNi 

0.7 Coo. 2 T i 0. 05 M go. 05 O2 (MMffl 1 T 

— h to 5 0/5 0^S:%cO?g^^cOlML iPFe @ 
mxtbZo t/^-K3 5 0 1t/-U-^-<l:NRC2 
3 2 5 ^^^/UcO&^r^U/c. #y- Ktt 8 5 %cO 
S»« (SSit) . 10%^super .S T ^^fy 

70 -?7vt. ^m^W) i^-fc it 5%co*y 

yfy (PVDF) 7^fttK T/U^^i^^L/Co ^ 
co J: 5 1 (^L/c 0 ir/K^2. 5 

v^4. 3vcop a T^o. amAco^m^r^m. 

fT^o7c 0 ir/L-co^fTStt 9 . 9mgX^^ ftoT^ ^ 
^^S^Tt Ocom^Sli. 3 OmA/gT^ofco^ 
^ 1 Iw^-TJ; ? lc\ ^coir/uco^pJiS^S^ 5"mA ■ 
h r/gt^D, -LPS* f^y®Jl4. 3 yT^#ib tb ';>• 
fc^ig^Sl*. 1 6 0mA* h r/g ^W*' feoX. <%Z 'J 

^Itv^o ^co^^i^^cos Vco^ttiUL^ 

?&^4. 3 vco^^ h^^mmr-iE^^^/i-UTCo 

[0 0 2 3] ^Jg^l3 

1 T*ft^ Lfc L i N i O2 . LiCoOz , Li 
Nio.a Coo. 2 02 x L i N i o. 75 T i o. i 25 Mg 
o. 125 O2 N jkZfMffliti^&iL i N i o. 7 C oo. 2 T i 
o.o5Mgo.o5 0 2 ^m^b^ir/uco^y- Y^m^t U 
X^fh^ffh^m L7c: 0 ir/M^^M2{c:^L7c^fe^ 
50 f^§^L x ^/H:(j:l 0mgH2 0 m g coj^^g^^ 

4. 5V. 0. 2mAt'4 0^^ii:TXi;L 

i$yt*\z3&V,^ ffl&lstc, 0. lmgHlmg^ 
y- Wisf^^/^^^^mb, D S C-tr/Wc&^L 
7Co ^ir/H^H^W 2 iclfee^ L/c J: 9 WM'gZ l 0 
-15%^LT^fc 0 [§12{C|^ Ztbh<Dik<£®}<DD 
S C60*£m£;[g]^U ML^^(-SI'L>cO^>5®«c^llz:^: 
LT$>5o 0 2(C^tt6iEco^(O^tt^^>'^ , /u^ibco 
$W«tti£g<LT^<5o (§I2 ^^rJ; ^..^^f 1 ..?^ 
cOt^ffi"C. LiNio.7 Coo. 2 T io.05Mgo.05O2 
13, L i N i O2 . L^ C o O2 x L i N i 0. 8 Co 
0.2 02^yt>/h¥^^fc:-^^i-L. ^<7>*jRf- 
^JiflJiy ^!>^COt^fficOL i N io.75T 10.125 Mg 

0.125 02 tm^fxhz, ^p^co^'^ 
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1. Title of Invention 

LITHIUM METAL OXIDE CONTAINING MULTIPLE DOPANTS 
AND METHOD OF PREPARING SAME 

2. ClaiBs 



1 . An intercalation compound having the 
formula LiNi^COyMaM'^O;,; wherein M is selected from the 
group consisting o£ Ti, Zr , and combinations thereof;. 
M' is o^lgctad from the group consisting o£ Mg, Ca, Sr, 
Ba, and combinations thereof; x=y+a+b; x is from 
greater than 0 to about 0.5? y is from greater than 0 
to about 0.5; a is from greater than 0 to about 0,15; 
and b is from greater than 0 to about 0.15. 

2. The intercalation compound of Claim 1 
wherein M is Ti. 

3 . The intercalation compound of any of the 
preceding claims wherein M' is Mg. 

4. The intercalation compound of any of the 
preceding claims wherein a is approximately equal to to, 

5. The intercalation compound of any of the 
preceding claims wherein 0.1 * y s 0.3. 

6. The intercalation compound of any of the 
preceding elaima wherein b is no smaller than a. 

7. A positive electrode for lithium and 
lithium ion celLs comprising an intercalation compound 
according to any of the preceding claims - 



8 . A method of preparing an intercalation 
compound of the formula LlNiL.xCOyM^M'bOa/ comprising the 
steps of: 
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mixing stoichiometric amounts of source 
compounds containing lithium, nickel/ cobalt, M and M' , 
wherein K is selected from the group consisting of Ti, 
Zr, and combinations thereof, and M' is selected from 
the group consisting of Mg, Ca, Sr, Ba, and 

combinations thereof, to give the desired molar ratio 
for the formula LiNi^COyMJ*'^ wherein x=y+a+b, x is 
from greater than 0 to about 0.5, y is from greater 
than 0 to about 0.5, a is from greater than 0 to about 
0.15, and b is from greater than 0 . to about 0.15; 

f iring the mixture at a temperature between 
500*C and 1000°C in the presence of oxygen for 
ou££icienfc fc ijtte to psroduoe the ixxto^raaL lotion, compound 
in a single phase; and 

cooling the intercalation compound in a 
controlled manner. 

9. The method according to Claim 8 wharein 
the firing step comprises firing the mixture at a 
temperature between 500 °C and S00°C, and then firing 
the mixture at a temperature between 700°C and 90o°c. 




10. Tjhufc its*thod according to Claim 9 wherein 
said firing step comprises firing the mixture at a 
temperature between SO0*C and 600°C for between about 4 
and about 24 hours, and then firing the mixture at a 
temperature between 7O0"C and 3 00*C for between about 4 
and about 24 hours. 

11. The method according to Claim 8, 9 or 10 
wherein said firing seep comprises firing the mixture 
in an atmosphere with an oxygen partial pressure of at 
least 20 kPa. 
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3 . Detailed Explanation of the Invention 

CRQgS- EEFggBaCB T " STATED APPT.TCATIQPS 
This application is related to U.S. Patent 
Application Serial Ho. 08/954,372, filed October 20, 
1997, which is hereby incorporated by reference in its 
entirety, u.s. Provisional Application No. 60/046,570, 
5 filed May 15, 1997; and U.S. Provisional Application 
No. 60/046,571, filed May 15, 1937; and claims the 
benefit of these applications under 35 U.S.C. § 119(e) 

FW.ti of thb rwvrarriOM 
This invention relates to metal oxide 
10 compounds and to preparation methods thereof. More 

specifically, this invention relates to doped metal 
oxide insertion compounds for use in lithium and 
lithium- ion batteries. 



15 



RftPKOftOUND T T""! tNVEHTTON 
Metal oxides such as lithium metal oxides 
hava found utility in various applications- For 
example, lithium metal oxides have been used as cathode 
materials In lithium secondary b*tfc««ri«. Lithium and 
lithium ion batteries can be used for large power 
2 0 . applications such as for electric vehicles. In this 

specific application, lithium or lithium ion cells are 
put in series to form a module. In the event that one 
or more of the cells in the module fails, the rest of 
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the cells become overcharged resulting possibly in 
explosion of Che cells. Therefore, In is important 
that each cell is individually monitored and protected 
against overcharging, 
5 The most attractive materials for use as 

cathode materials for lithium ion secondary batteries 
have been LiCo0 3 , LiNiO a , and LiMr^Q* - However, although 
th*«* tfathbodA materials sCre attractive fox us» in 
lithium ion secondary batteries , there are definite 

10 drawbacks associated with these materials. One of the 
apparent benefits for using LiNiOa and LiCoO, as cathode 
materials is that these lithium metal ottides have a 
theoretical capacity of 275 mA hr/g. Nevertheless , the 
full capacity of these materials cannot be achieved in 

15 practice. In fact, for pure LiHiO a and LiCoO,, only 

about 140-150 mA* hr/g can be used. The further removal 
of lithium by further charging (overcharging) the Litfi0 2 
and i,iCoO a material degrades the cycleability of these 
materials by moving nickol or cobalt Into th« lithium 

20 layers. Furthermore, the further removal of lithium 

causes exothermic decomposition of the oxide in contact 
with the organic electrolyte under heated conditions 
vhich poses safety hazards. Therefore, lithium ion 
cells using LiCo0 2 or l*iNi0 5 axe typically overcharge 

25 protected. 

LiCo0 2 and LiNi0 2 have additional 
disadvantages when used in lithium ion « batteries . 
Specifically, LiNiO a raises safety concerns because it 
has a sharper exothermic reaction at a lower 
3 0 temperature than LiCoO a . As a result, the charged end 

product, NiOj, is unstable and can undergo an exothermic 
decomposition reaction releasing o a . See Dahn et al, 

Solid State Ionics, Vol. 69, 26S (1S$4) . Accordingly, 
pure IiiNiOj is generally not selected for use in 
35 commercial litLhium-ion hatceries. Additionally, cobalt 
is a relatively raxe and expensive transition metal, 
which makes the positive electrode expensive.- m 
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Unlike LiCoO a and LlNiOj, LiMn 2 0 4 spinel is 
believed to be overcharge safe and is a desirable 
cathode material for that reason. Nevertheless, 
although cycling over the full capacity range for pure 
S LiMn,0 4 can be done safely, the specific capacity of 

LiMn^C)* is low. Specifically, the theoretical capacity 
of LiMn 3 0 4 ia only 14 8 mA\hr/g and typiaally no more 
than about 115-120 mA- hr/g can be obtained with good 
cycleability . The orthorhombic LiMnb 2 and the 
10 tetragonal ly distorted spinel Iii a Mlij0 4 have the 

potential for larger capacities than is obtained with 
the LiMn^ spinel . However, cycling over the full 
capacity range for LiMn0 2 and Ui 2 Mn 3 0 4 resulta in. a rapid 
capacity fade. N 
IS Various attempts have bean made to either 

improve the specific capacity or safety of the lithium 
metal oxides used in secondary lithium batteries by 
doping these lithium metal oxides with other cations. 
For example, cobalt cations have been used to dope 
20 LiNiOj> Nevertheless, although the resulting eolid 

solution LiNi^xCOfcO* (0*X*1) may have somewhat improved 
safety characteristics over LiNiO a and larger useful 
capacity below 4.3 V versus Li than LiCo0 2< this solid 
eolation still has to be overcharge protected just as 
25 LiiCoOa and LiNiO^. 

One alternative has been to dope LiNio 2 with 
ions that have no remaining valence electrons thereby 
forcing the material into an insulator state at a 
certain point of charge and protecting the material 
3 0 from overcharge. For example, Ohzuku et al, (Journal 

of Electrochemical Soc, Vol. 142, 4 033 (1995)) 
describe that the use of Al 3 * as a dopant for lithium 
nickelatee to produoe LilTi 0 7S AJL a 2S 0 4 can result in 
improved overcharge protection and thermal stability in 
35 the fully charged state as compared to l»iwi0 2 . However, 

the cycle life perfortiance of this material is unknown. 
Alternatively, U.S. Patent No- 5,553,842 to Nakare et 
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al. demonstrates the use of Ga'* instead of Al 3 *. In 
another example, U.S. Patent No. 5,3 70,945 to Davidson 
et al. demonstrates that introducing chromium cations 
into LiMnO, can produce a tetragonally distorted spinel 
S type of structure which is air stable and has good 

reversibility on cycling in lithium cells. 

Although doping lithium metal oxides with 
single dopants has been successful in improving these 
materials , the choice of single dopants which can be 

10 used CO replace the metal in the lithium metal oxide La 

limited by many factors. For example, the dopant ion 
has to have the right electron configuration in 
addition to having the right valency.. For example, 
Co 3 *, Al**, and Ga 1 * all have the same valency but Co 3 * 

IS can be oxidised to Co 4 * while Al 3 *, and Ga 3 * cannot. 

Therefore doping LiNiO, with A1 or Ga can produce 
overohftrgd protection while doping with cobalt does not 
have the same effect. The dopant ione also have to 
reside at the correct sites in the structure. Rossen 

20 et al {Solid State Ionics Vol. 57, 311 (1992)) shows 

chat introducing Mn into LitfiO a promotes cation mixing 
and therefore has a aetrimental effect on performance- 
Furthermore, one has to consider the ease at which the 
doping reaction can be carried out. the cost of the 

25 dopants, and the toxicity of the dopants - All of these 

factors further limit the choice of single dopants . 

In addition to these factors, it is also 
desirable that the doped lithium metal oxide has a high 
usable reversible capacity and good cycleability no 

30 maintain this reversible capacity during cycling. As 
mentioned above, LiNi0 2 and LiCoO, have usable 
reversible capacities in the range of 140-150 mA-hr/g 
because of their low thermal stability. Moreover, 
LiMn^ can generally only be operated at 115-120 

35 mA-hr/g with good cycleability . Therefore, there is a 
need in the art to produce a doped lithium metal oxide 
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that exhibits an improved reversible capacity and good 
cycl eabil it y while maintaining thermal stability. 

SUMMARY O P THE INVENTION 
The present invention provides a multiple- 
5 doped lithium metal oxide and a method of preparing 
same wherein the dopants used have been found to 
produce an improved intercalation compound that is ■ 
particularly suitable for use in the positive 
electrodes of lithium and lithium ion batteries . 

10 UnliJce the doped lithium metal oxide compounds of the 

prior art, the intercalation compound of the invention 
has a low irreversible capacity and thus haa a high 
reversible capacity during cycling. Furthermore, the 
intercalation compound of the invention has excellent 

15 cycleability and therefore its high reversible capacity 

can be maintained for hundreds of cycles - The 
intercalation compound of the invention can be 
conditioned at normal operating voltages and thus does 
not require a series of high voltage conditioning 

20 cycles. Moreover, the intercalation compound of the 

invention has good thermal stability, especially in the 
charged state, as desired for lithiua and lithium ion 
cell applications. 

The intercalation compound of the invention 
25 has the formula LiNi 1 . x co y M ll M' b 0 2 , wherein is selected 
from the group consisting of Ti, Zr, and combinations 
thereof, and M ' is selected from the cprovip consistiag 

of Mg, Ca, Sr, Ba, and combinations thereof. 
Preferably, M is* titanium and M' ic magneeium. The 

30 elements in the compounds are present such that 

x=y+a+b; x is from greater than 0 to about 0.5, y is 
from greater than 0 to about 0.5, a is from greater 
than o to about 0.15, and b is from greater than 0 to 
about 0.15. Preferably, 0 < x s 0.5, 0.1 * y s 0.3, 

35 0<as0.15, 0 < b s 0.15, and a is approximately 

equal to b. In addition, b is preferably no smaller 
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than a. The present invention also includes a positive 
electrode for lithium and lithium ion batteries 
comprising the intercalation compound. 

The present invention further includes a 
method of preparing an intercalation compovmd of tha 
formula LiNi 1 . x Co y M m M ' h 0^ . According to the method of the 
invention, stoichiometric amounts of source compounds 
containing lithium, nickel, cobalt, M' and M, wherein M 
is selected from the group consisting of Ti, Zr, and 
combinations thereof , and M is selected from the group 
consisting of Mg, Ca, Sr, Ba, and combinations thereof, 
are mixed together to give the desired molar ratio for 
the formula LiNi^^Co^JM^Oa' described above . The 
mixture is then fired at a temperature between 500 °C 
and 1000°C in the presence of oxygen for sufficient 
time to produce the intercalation compound in a single 
phase. Preferably, the mixture is fired at a 
temperature batween 500 °C and 600°C; and then fired at 
a temperature between 700°C and 900°C. The resulting 
intercalation compound is then cooled in a controlled 
manner . 

In addition to the above features and 
advantages, other features and advantages o£ fcha 
present invention will become more readily apparent to 
those skilled in the art upon consideration of the 
following detailed description and drawings which 
describe both preferred and alternative embodiments of 
the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a graph of specific capacity 

versus cycle number for a secondary lithium ion cell 

including a positive electrode prepared according co 

the invention. 

Figure 2 is a graph of heat flow versus 

temperature and compares an intercalation compound of 
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the invention to Li-NiG*, LidoO,, IiitfVi Co o.3°2' and 
LlNi fl . 7S Ti 0 . l25 Mg 0X „O a . 

DETAILED DESCRIPTION Q? THE PREFERRED EMBODIMENTS 

The present invention will be described more 
fully hereinafter with reference to preferred 
embodiments of toe invention. This invention can, 
however, be embodied in many different forma and should 
not be construed as limited to the embodiment© set 
forth herein; rather, these embodiments are provided so 
that this disclosure will be thorough and complete, and 
will fully convey the scope of the invent: ion to those 
skilled in the art. 

The intercalation compounds of the invention 
have the formula LiNi^COyMJ"!' b 0 3 , wherein M is selected 
from th« group consisting of Ti, Zr, and combinations 
thereof, and M' is ©elected from the $roup consisting 
of Mg, Ca, Sr, Ba, and combinations thereof- The 
elements in the compounds are present such that 
x-y+a+b, x is from greater than 0 to about 0.5, y is 
from greater than 0 to about 0.5, a is from greater 
than 0 to about 0.15, and b is from greater than 0 to 
about 0.15. Preferably, 0.1 s y s 0.3. In accordance 
with the invention, theca intercalation compounds sura 
typically in a single phase and have a hexagonal 
layered crystal structure, in addition, as will be 
understood by those of skilled in the art, * pd, M and M' 
are used as dopants for nickel in LiNi0 3 and axe not 
used to taXe the place of lithium ions in the 
intercalation compound . Therefore, the reversible 
capacity is maximized in the intercalation compound of 
the invention. 

As mentioned above, M is selected from the 
group consisting of Ti, Zr, and combinations thereof, 
and M' is selected from the group consisting of Mg, Ca, 
Sr, Ba, and combinations thereof. ?x-*£er»bly, M is Ti 
and M' is Mg. The use of M and M' at the same time 
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imposes intrinsic overcharge protection on the 
intercalation compounds and improves the safety of the 
material while maintaining good cycleability at large 
capacities. For example, as illustrated using M - Ti 
and M/ » Mg, it is believed that Ti and Mg have the 
form Ti 4 * and Mg 2 * in LilTi^C©^!^^ because the 
energies of Mg 2s electrons are higher than Ti 3d 
electrons which in turn ate higher than Ni and Co 3d 
electrons (Yeh at al, Atomic Data and Nuclear Data 
Tables Vol. 32, 1-155 (1985)). It can be shown that 
the oacidation state o£ nickel and cobalt ©quale 3 when 
a=b so that the material can be written as 
Li'NillxCOy'Txt^Mgl'ai. Since there axe no remaining 

valence electrons in either Ti 4 * or Mg a *,"only (l-2a) Li 
per formula unit can be removed and therefore 
overcharge protection is achieved intrinsically. In 
other words, the charge will stop when all the Ni 3 * and 
Co 3 * is oxidized to Ni 4 " and Co 4 ' and the fully charged 
material Is LJ.^\^sfi^ T± V ti ffV 0 t . Also, the material is 
believed to be more stable against decomposition in the 
fully charged state than LiNi0 2 and LiCoO^. This 
stability improves the safety of the material under 
overcharge conditions in lithium ion electrochemical 
cells . Because the average oxidation state of nickel 
end cobalt is less than 3 in Littix^CoyTi.MgbOa when b<a, 
it is preferred that b*a, especially because Ni a * ions 
tend to migrate to the lithium layers causing diffusion 
problems for lithium during electrochemical charge and 
discharge. Furthermore, it is preferred that b is not 
much greater than a because the oxidation state of 
nickel and cobalt will approach 4 which makes it 
difficult to formulate single phase intercalation 
compounds. Therefore, the ratio of b;a is preferably 
between about 1 and about 1/ (a+b) . In addition, as 
described above, a and b preferably meet the following 
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relationships: 0 <as 0.15, o < b s 0.15, a. is 
approximately equal to b, and b*a. 

In a preferred embodiment of the invention, 
the intercalation compound has the formula 
LiNi^COyTiiMgip,, wherein x-y+a+b; 0 < x * 0.5; 0.1 s y 
* 0.3; 0 <: a * 0.15; 0 < b * 0.15/ and a is 
approximately equal to b. Furthermore, preferably b is 
no smaller than a. Exemplary compounds include 
LiNia.^COo.xTio^Mgo.iOa, Li»io.7 5 Co 0 . 15 Ti # . 0 ^ig ff . 05 0 3/ and 
i-iWi a . 1 Co fl . a T± 0 . 0B Mg 0 . 05 O 1 - 

Por the intercalation compounds of the 
invention, it has been discovered that by combining 
cations in the ranges d»saribod heroin, tharo to 
significant improvement in the irreversible capacity 
and cyoleability of the intercalation compound. In 
fact, these improvements have been so significant as to 
be unexpected for this particular combination of 
cations- Spacif ioally , th«ca intercalation compounds 
exhibit a significant decrease in irreversible capacity 
and significant increase in cycleability. The 
intercalation compounds prepared according to the 
preferred embodiment described in the previous 
paragraph, for «Ample, exhibit an irreversible 
capacity of about 35 mA'hx/g compared to 80-90 mA- hr/g 
for compounds that do not include cobalt. This 
irreversible capacity is much lower than would be 
expected in the art and allows cells using this 
material in positive electrodes to operate with a much 
higher reversible capacity than bas been known In the 
art. Furthermore, these intercalation compounds have 
excellent cycleability thereby allowing the 
intercalation compounds to maintain this high 
reversible capacity- Another unexpected benefit of the 
intercalation compounds of the invention is that these 
materials can be conditioned at normal operating 
voltages (e.g. 4,3 v versus tii) and do not require high 
voltage conditioning steps. 
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The present invention also includes a 
positive alactrode (cathode) for lithium and lithium 
ion batteries comprising the intercalation compound. 
The intercalation compound of the invention is 
typically combined with a carbonaceous material and a 
binder polymer to form a cathode. The negative 
electrode can be lithium netal or alloys, or any 
material capable of revercihly lithiating and 
delithiating at an electrochemical potential relative 
to lithium metal between about 0.0 V and 0-7 V, and is 
d^parated from th« pocitiva electrode material in th* 
cell using an electronic insulating separator- 
Examples of negative electrode raaceriale include 
carbonaceous materials containing H, B, Si and.Sn; tin 
oxides; tin-silicon oxides/ and coropooita tin allays. 
The electrochemical cells further include an 
electrolyte. The electrolyte can be non-aqueous 
liquid, g©l or solid and pr-eferably comprises a lithium 
salt, e.g., LiPF,. Electrochemical cells using the 
intercalation compounds of the invention *o positive 
electrode material can be combined for use in portable- 
electronics such as cellular phones, camcorders, and 
laptop computers, and in large power applications such 
as for electric vehicles. 

The present invention further includes a 
method of preparing an intercalation compound of the 
formula JULMi^COyM^M' b Oj . According to the method of the 
invention, stoichiometric amounts of source compounds 
containing lithium, nickel, cobalt, M' and M, wherein m 
is selected from the group consisting of Ti, Zr, and 
con\binations thereof, and M is selected from the group 
consisting of Mg, Ca, Sr, Ba, and combinations thereof, 
are mixed together to give the desired molar ratio for 
th* formula Litfi^COyM^M* ,,0, doocribad above. As stated 
above, it is preferred that M is titanium and M' is 
magnesium. The source compounds (raw materials) can be 
the pure elements but are typically compounds 
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containing the elements such as oxides or salts 
thereof. For example, the source compounds are 
typically hydrated or anhydrous oxides, hydroxides, 
carbonates, nitrates, sulfates/ chlorides or fluorides, 
but can be any other suitable source compound fchat will 
not cause elemental defects in the resulting 
intercalation compound. The elements for the 
intercalation compound can each be supplied from 
separate source compounds or at least two of the 
elements can be supplied from the same 'source 
compounds. For example, mixed eourc« cation compounds; 
such as TiMgO, and Ni 4 . M Ti 0 . 2C 0 can be used. In addition, 
the source compounds can be mixed in any desirable 

order- 
Alt hough the intercalation compounds are 
preferably prepared by a solid state reactions, it can 
be advantageous to react the raw materials using wet 
chemistry such as sol -gel type reactions, alone or in 
combination with solid state reactions. For example, 
the source compounds comprising the nicfcel, cobalt, M 
and M' can be prepared as a solution in a solvent such 
as water and the nickel, cobalt, M and M' precipitated 
out of solution as an intimately mixed compound such ae 
a hydroxide. The mixed compound can then be blended 
with a lithium source compound. The reaction mixture 
can also be prepared by suspending, source compounds in 
a solution of other eource compounds and spray dryin-g 
the resulting slurry to obtain an intimate mixture. 
Typically , the selection of reaction methods will vary 
depending on the raw materials used and the desired end 
product . 

The mixture once prepared can be reacted to 
form the lithium metal oxide. Preferably, the mixture 
is reacted by firing the mixture at a temperature 
between 50O°C and 1000*C in the presence of oxygen for 
sufficient time to produce the intercalation compound 
in a single phase. Preferably, the mixture ia fired in 
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an atnvDsphere having an oxygen partial pressure of at 
least about 20 kPa. More preferably, the oxygen 
partial pressure is about 100 kPa to discourage the 
material from decomposing into a cubic rock-salt 
structure. The mixture is generally fired for a total 
of between about 4 and about 4 8 hours in one or more 
firing steps. Preferably, the mixture is first fired 
at a temperature between «500°C and 600°C. more 
preferably about 550°C, for between about 4 and about 
34 hourc (e.g. 10 hours) . The mixture is then fired at 
a temperature between 700°C and 900°C, more preferably 
about 800 °C, for between abovit 4 and about 24 hours 
(e.g. 10 hours) . 

The resulting intercalation compound ic then 
cooled in a controlled manner- Preferably/ the fired 
mixture is cooled at a rate of 5*C/min or leas, For 
example, the intercalation compound can be cooled at a 
rate of l°c/min until the intercalation compound is at 
a temperature of about 500*C. The intercalation 
compound can then be allowed to cool naturally to room 

temperature - 

In the preferred embodiment described above 
having the formula LiNi 1%K Co y Ti A Mg b 0 2 , a single phase can 
be obtained by the following steps. First, 
stoichiometric amounts of a lithium source couxpound, a 
nickel source compound , a cobalt source compound, a 
titanium source compound and a magnesium source 
compound are mixed in any desired order to give the 
desired molar ratio according to the formula 
L±Mi 1 . 1< Co y Ti.Mg D 0 2 . As described above, the lithium, 
nickel, cobalt, titanium and magnesium can be supplied 
by separate source compounds or two or more of thesa 
elements can be supplied by a single source compound. 
For example, TiMg0 3 and Ni 0 .„Ti 0 .„O are commercially 
available compounds which can supply two cations for 
use in the intercalation compounds of the invention. 
The mixture is fired at a temperature between 500°C and 
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SOO*C, preferably 550°C, and then fired at a 
temperature between 700<>C and 900*C, preferably 600*C. 
The mixture is fired in on atmosphere with a p*rt.i=a 
preseure of oxygen of at least 20 kPa, preferably about 
100 kPa. The fired mixture is then cooled In a 
controlled manner, preferably at a rate of 5*c/min or 
less. For example, the fired mixture can be cooled at 
a rate of L°C/min to 500^, and than cooled naturally 
to room temperature. The firing temperature and the 
soak times are choeen depending on the amounts of the 
elements used and the oxygen partial pressure so that 
the lithium to Nix^Co/Ti.Mgk ratio in the structure 
preferably approximate* 1:1 and no sigriif leant cation 
mixing between lithium and the other metals occurs in 
the layers . 

As mentioned above, in addition to producing 
the intercalation compounds of the invention by solid 
state methods, these compounds can also be mad© by wet 
chemistry methods. For example, Wi, Co, Ti and Nor can 
be precipitated simultaneously from a solution 
containing these elements resulting in an intimately 
mixed compound. The mixed compound having the desired 
molar ratio according to the formula LiKi L ^Co y TiJ^g b O a 
can then be blended with a lithium source compound and 
fired as described above to produce the intercalation 
compound of the invention. When the elements are mixed 
using wat chemistry methods, the mixture can generally 
be fired for a shorter period of time to produce 
uniform diffusion of the Ni, Co ; Ti and Mg. 

The present invention will now be described 
according to the following non-limiclng examples. 

Sample 1 

SCoichiometric amounts of I*iOH, Ni6, Co,0 4 , 
TiOa, and Mg (OH) , to give IANi a . 7 co Ot2 Ti 0 . 0S Mg t .,, s O a are mixed 
and firod at a temperature off 550*C for 10 hours and 
then at eOO*C for 10 hours in an atmosphere with the 
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oxygen partial pressure close to 100 kPa. The cooling 
was controlled at l«C/min down to 500 °C followed by 
natural cooling to room temperature. A powder x-ray 
diffraction pattern of the intercalation compound chows 
a single phase material with a hexagonal (or 
rhombohedral) layered structure similar to that of oi- 
MaFeOj. The same single phase material was also 
produced firing the mixture in an atmosphere with the 
oxygen partial pressure close to 20kPa. 

Electrochemical cells with lithium metal as 
the anode and cathodea with IiiNi 0 .,Co 0 .aTio.os M 9ro,os 0 2 
(prepared according to Example 1) as the active 
material were made and tested. The electrolyte was 1M 
LiPF* in a 50/50 volume percent mixture of ethylene 
carbonate and dimethyl carbonate solvents . Celgard 
3501 separator* and NRC 23 2 5 coin call hardware were 
used. The cathode consisted of 85% active material (by 
weight) i iv* super S™ carbon black and 5* 
polyvinyl idene fluoride (PVDF) as a binder polymer, 
coated on aluminum foil. The test results of one such 
cell is shown in Fig. 1. The cell was charged and 
discharged with a constant current of 0.3 mA between 
2.5V and 4.3V. The active mass of cell was 9.9 mg, and 
therefore the current density per active weight was 30 
mA/g. 

As demonstrated in Figure 1, the irreversible 
capacity for the cell is 3 5 mA- hr/g and thus the 
reversible capacity obtained at an upper cut-off 
voltage of 4.3V is 160 mfchr/g. Therefore, the 
reversible capacity is improved prior art compounds. 
Furthermore, the material has excellent cycle stability 
(or ©voidability) . These properties have been 
demonstrated without having to subject the compound to 
an initial 5V conditioning charge. instead, the 
battery was cycled directly at a 4.3V cut-off voltage. 
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LiNiO a , LiCoO a , Litfio^Coo^Oi/ 
LiWio.^Tio.^Mgo.^O^ and the intercalation cowpcmnd 
XiKio^C^^.jTio.^Mg^e^ prepared in Example 1. were each 
used as the active cathode material for electrochemical 
cells prepared in the manner described in Example 2 
using between 10 mg and 20 mg active material for each 
cell. The cells were first conditioning charged to 5.0 
V and discharged to 3.0 V, and then float charged to 
4,5 V with 0.2 mA current for 40 hours to ensure 
equilibrium conditions, the charged cells were then 
transferred to a glove box filled with argon and 
opened- Between 0.1 mg and 1.0 mg of the cathode 
material from the cells was removed and hermetically 
sealed into DSC cells. Each of cells contained io-i5% 
of the electrolyte described in Example 2. Figure 2 
illustrates the DSC results for these compounds with 
the area of int«r«ct magnified in the inset . The 
positive heat flow in Figure 2 represent heat flowing 
out of the sample. As shown in Pig. 2, 

IiiNi 0 .,Co 0<J Tio.o5Mgo.osO a has a much smaller exo therm than 
IiiNi0 2/ LiCoO a and I*iNi 0<I Co 0 . 3 0 a in the delithiated state, 
and its exotherm is comparable to that of 
LiNi Q . 73 Ti.. 12S Mg 0 . 123 O 2 in the delithiated state. This 
demonstrates the good thermal stability and safety 
advantage in the charged state of the material of the 
invention. 

Tbe present invention provides a multiple- 
doped lithium metal oxide and a method of preparing 
same wherein th«s dopants used have bean found to 
produce an improved intercalation compound chat is 
particularly suitable for use in the positive 
electrodes of lithium and lithium ion batteries. 
Unlike the doped lithium metal oxide compounds of the 
prior art, the intercalation compound of the invention 
Das a minimal irreversible capacity looo and. thus has a 
high specific capacity during cycling. Furthermore, 
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the intercalation compound of the invention has 
excellent cycleability and therefore this high specific 
capacity can be maintained for hundreds of cycles. 
The intercalation compound of the invention can be 
conditioned at normal operating voltages and thus does 
not require a series of high voltage conditioning 
cycles. Moreover, the intercalation compound of the 
invention has good thermal stability, especially in the 
charged state, as desired for lithium and lithium ion 
cell applications. 

MAny modification* aand other otnbodimdnta of 

the invention will come to the mind of one skilled in 
fck* *:rt to which this invention pertains having the 
benefit of the teachings presented in the foregoing 
descriptions and the associated drawings. Therefore, 
it is to be understood that the invention is not to be 
limited to the specific embodiments disclosed and that 
modifications and other embodiments are intended to be 
included within the scope of the appended claims. 
Although specific terms are employed herein, they are 
used in a generic and descriptive sense only and not 
for purposes of limitation. 
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